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Negative ion formation under stationary working mode of cylindrical ionic loudspeaker: 

anode weak isolation limit 

In this paper we consider stationary mode of the ionic loudspeaker with cylindrical geometry. The 

formulas for the total number and number density of negative ions created are obtained. It is assumed that 

the leakage of the electric charge is due to weak isolation of the anode. The estimate for the acoustic 

pressure level is given. 

Introduction. 

The majority of the modern acoustic systems and other devices used for the sound 

generation suffer from a number of disadvantages. Among them are high cost of high-quality 

generators and low efficiency. The later factor limits the size of the device with the growth of the 

acoustic power. In particular, these disadvantages are inherent to common loudspeakers [1].  

Such drawbacks are absent at least partly in “ionic loudspeaker”, which has been 

constructed by M.V. Chizhov. In this paper we consider the configuration of cylindrical geometry 

for this sound generator. Such configuration happens to be very effec tive for the sound generation 

(see Fig. 1). 

The anode is a cylindrical shape conducting grid with the radius R covered with some 

material of high resistivity. We will consider the weak isolation condition for the anode. In such a 

case the accumulation of the charges occurs close to its surface. Thus a grid cell size is big 

enough for charges penetrate almost freely with subsequent recombination. Also the width of the 

covering layer should be small. We ne- 

 



gleet the influence of the anode surface roughness. This allows to neglect additional corona effects 

which produce the positive ions. 

The cathode is a set of conducting needles placed regularly along vertical axis with small 

distance between them. In calculations we substitute it by the coaxial (with respect to anode) 

cylinder of small radius a « R .  Such device operates in the following way. The potentials 0 and U 

> 0 are applied to cathode and anode correspondingly. The polarization of the nitrogen N2 and the 

oxygen 02 molecules in the air occurs. They become polarized with the corresponding induced 

dipole moment and additional potential energy due to applied electric field. Due to electric field 

nonuniformity these molecules are subjected to the force directed towards the cathode (needles). 

The oxygen molecule captures the electron on the surface due to a high affinity [2, 3]. As a result 

near the cathode the negative ions 02 are produced. This is one of the typical mechanism charge 

leakage from the sharp end. Other reactions can be ignored for simplification. 

If the applied voltage U is constant then the corresponding electric current occurs. Reaching 

the electrode surface the ions either release their charges or leave the system which in general is 

not closed. If the alternating voltage is applied additionally, then the oscillating motion occurs. 

These oscillations are transferred to the neutral molecules N2 and 02 due to collisions. The 

molecules collective synchronized 
motion generates the sound. 

This study is aimed at calculating the number density of the negative ion within the 

loudspeaker under stationary operation mode ( U  = const). At first we calculate the potential and 

the strength of the corresponding electric field without charge leakage account. Then we take into 

consideration this effect as the first order smallness. As a result we obtain the formulas for the 

number density and the total number of the negative ions. The acoustic pressure is estimated too. 

Electric field in the absence of charge leakage. 

We begin with the calculation of the potential <p and the electric field E distributions 

neglecting the charge leakage (zeroth order approximation). For the geometry considered these 

distributions are well known (see e.g. [4]) and are given by: 

 

 

 



 

 



 

 

  

 

Discussion. 

We obtain approximate expressions (15) and (17) for the density and the total number of the 

negative ions in ionic sound generator of cylindrical geometry in stationary mode. We obtain the 

corresponding sound pressure level (19) and estimate its 
value. 
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цилиндрического ионного громкоговорителя: предельный случай проницаемой 
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АННОТАЦИЯ 

В данной статье получены формулы для плотности и полного количества отрицательных ионов, 

которые образуются в ионном громкоговорителе цилиндрической формы при стационарном 

режиме его работы. Предполагается, что стекание электрического заряда происходит при слабой 

изоляции анода. Произведена численная оценка соответствующего уровня звукового давления. 

Чижов М.В., Маренное В.І., Ейпгорн М.В. 

Утворення негативних іонів при стаціонарному режимі роботи циліндричного 

іонного гучномовця: граничний випадок проникаючої ізоляції анода. 

АНОТАЦІЯ 

У даній статті отримано формули для густини та інтегральної кількості негативних іонів, які 

утворюються в іонному гучномовці циліндричної форми при стаціонарному режимі його роботи. 

Передбачається, що стікання електричного заряду відбувається при слабкій ізоляції анода. 

Здійснена чисельна оцінка відповідного рівня звукового тиску. 
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